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Description 



METHOD OF MANUFACTURE OF THIN 
SILICON ON INSULATOR (SOI) CMOS 
WITH RECESSED CHANNEL AND DEVICES 
MANUFACTURED THEREBY 

Background of Invention 

[0001] This invention relates to metliods of manufacture of SOI 
(Silicon-On-lnsulator) MOSFET (Metal Oxide Semiconduc- 
tor Field Effect Transistor) devices and more particularly to 
UT (Ultra-Thin) RSD (Raised Source and Drain) devices and 
to the structures manufactured thereby. 

[0002] Thin silicon channel SOI device technology is a promising 
option for continued scaling of the manufacture of SOI 
CMOS devices to smaller and smaller dimensions. It has 
the advantage of sharper sub-threshold slope, high mo- 
bility (since the devices are operated at a lower effective 
field), low junction capacitance, elimination of CMOS 
latch-up, and better short-channel effect control. The 



disadvantage of such devices is tliat tlie series resistance 
increases as tlie SOI film is thinned. One solution to the 
series resistance problem is the use of an elevated source 
drain that may be created by selective epitaxial Si growth. 

[0003] In some prior art thin Si channel devices, extensions are 
implanted prior to RSD formation. This causes at least two 
problems. A first problem is that since that a PMOS FET 
extension requires a fairly thick offset spacer, a high re- 
sistance region exists under the spacer. The second prob- 
lem is that since extension implants are performed prior 
to the RSD process, the dopants are subjected to the sig- 
nificant thermal budget of the RSD process. This can 
cause unwanted diffusion of the dopants. In addition, the 
incubation time is different for P type silicon and N type 
silicon which leads to substantially different RSD thickness 
for PMOS FET and NMOS FET devices. Also, the surface 
concentration of the dopants must be uniform across the 
wafer as well as from wafer to wafer, which is a major 
challenge, if the RSD process is to be manufacturable. 

[0004] In another prior art thin silicon (Si) channel device, a dis- 
posable spacer process is used. A wide disposable spacer 
is used to grow the RSD. Next, deep source and drain im- 
plants are performed. Then the spacer is removed, and 



the extensions are implanted. Altliougli tlie disposable 
spacer scheme overcomes the problem of subjecting the 
extensions to the RSD thermal budget, that process does 
not overcome the problem of the high resistance region 
outside the RSD layer. Based upon the above remarks, it is 
clear that a need exists for a way to overcome the high 
resistance problem as well as the thermal budget prob- 
lem. 

[0005] U.S. patent No. 6,465,311 of Shenoy entitled "Method of 
Making a MOSFET Structure Having Improved Source/ 
Drain Junction Performance" describes a MOSFET structure 
including a gate stack formed over a gate oxide above an 
active region of a substrate. With a pair of shallow 
trenches defined on either side of the gate stack, an in- 
trinsic silicon material is disposed within the pair of shal- 
low trenches up to a top surface of the gate stack. The 
MOSFET structure includes source and drain implanted 
impurities that are defined in an upper portion of the in- 
trinsic silicon material. The upper portion is configured to 
extend down into the intrinsic silicon material to a target 
diffusion level that is just below the gate oxide of the gate 
stack. 

[0006] U.S. patent No. 6,391,720 of Sneelal et al. entitled "Pro- 



cess Flow For A Performance Enhanced MOSFET with Self- 
Aligned, Recessed Channel" describes forming a selfre- 
cessed channel, MOSFET. A patterned mask oxide layer is 
formed over a substrate with an active area encompassed 
by a shallow trench isolation (STI) region. Then the surface 
and a portion of the STI region are etched. Next the mask 
oxide layer is removed. In the unmasked area a gate re- 
cess is created. Then a thin pad oxide layer is grown on 
the surface and a thick silicon nitride layer is formed cov- 
ering the surface and filling the gate recess. Top surface 
planarization exposes the pad oxide layer. Growth of an 
additional oxide layer thickens the pad oxide layer. A por- 
tion of the silicon nitride layer is etched away. An addi- 
tional oxide layer is grown further thickening the pad ox- 
ide layer to form a tapered oxide layer along the sidewalls 
of the gate recess. Then the remaining silicon nitride layer 
is removed, rethe gate recess. A threshold adjust and 
punchimplantation is performed into the substrate below 
the gate recess. Then isotropic etching of the pad oxide 
removes the oxide layer at the bottom of the gate recess. 
A gate dielectric layer is grown in the bottom of the gate 
recess. Then gate polysilicon is deposited over the top 
surface, filling the gate recess. The top surface is re- 



planarized to expose the substrate. Then a screen oxide 
layer is deposited, followed by light and heavy S/D im- 
plantations and annealing. Metallization and passivation 
complete the fabrication of the MOS transistor device. 

[0007] U.S. patent No. 6,225,173 of Yu entitled "Recessed Chan- 
nel Structure For Manufacturing Shallow Source/Drain Ex- 
tensions" describes a method of fabricating integrated 
circuit CMOS FET devices with ultrasource and drain junc- 
tions utilizing a damascene process. The substrate is 
overto form extensions in the source and drain regions. 

[0008] U.S. patent No. 5,814,544 of Huang entitled "Forming a 

MOS Transistor with A Recessed Channel" describes fabri- 
cation of a MOS transistor by forming an inverse gate 
mask consisting of a lower silicon dioxide layer and an 
upper silicon nitride layer. The exposed channel region is 
thermally oxidized. The mask is removed to permit a 
source/drain implant. The thermal oxide is removed so 
that the channel region is recessed. A differential oxide 
growth then serves to mask the source and the drain for 
channel threshold adjust and punchimplants. A doped 
polysilicon gate is formed, with the thinner area of the 
differential oxide serving as the gate oxide. In the result- 
ing structure, the punchthrough dopant is spaced from 



the source and the drain, reducing parasitic capacitance 
and improving transistor switching speeds. 

[0009] U.S. patent No. 4,616,400 of IVIacl<sey et al. entitled "Pro- 
cess for Fabricating A Double Recess Channel Field Effect 
Transistor"forming a double recess, N+ ledge FET using a 
single masking step. Two layers of photoresist of differing 
types are formed on the surface of an N+ epitaxial layer. 
A layer of material that may be etched by RIE with Freon®, 
but will not etch by RIE with oxygen, is formed over the 
photoresist layers. A gate pattern is etched into this sur- 
face layer of material and the photoresist layers are selec- 
tively undercut to provide a pattern to etch the gate recess 
and the wide recess. A gate contact is then formed by 
perpendicular evaporation through the gate pattern in the 
surface layer of material. A process is provided for form- 
ing a selfdouble recess transistor using a single mask to 
form the gate, the wide recess and the gate recess, and 
another mask to form the source and drain contacts. 

[0010] First, we have discovered that there is a problems caused 
by over-etching the portions of Ultra-Thin (UT) Silicon- 
On-lnsulator (SOI) in CMOS FET devices in close proximity 
to the spacers during the spacer etching process. Accord- 
ingly there is a need to overcome that problem. 



[0011] In addition, we liave discovered tliat it is difficult to con- 
trol Raised Source and Drain (RSD) epitaxy, especially on a 
doped surface. In accordance with this invention, a Si/ 
SiGe/SOl structure can be employed to manufacture UT- 
SOI CMOS devices. 
Summary of Invention 

[0012] An object of this invention is to provide a manufacturable 
method and a device structure that overcomes the prob- 
lems described above. 

[0013] This invention teaches a controlled manufacturable 

method of selectively recessing the channel region is such 
a way that the extension regions remain thick so that no 
raised source drain process is needed. 

[0014] In accordance with this invention, a method is provided 
for manufacturing Ultra-Thin SOI CMOS FET Devices with 
Raised Sources and Drains (RSD) Using Recessed Channels 
and Structures Manufactured Thereby. 

[0015] The method starts with a relatively thick modified SOI 

structure comprising Silicon/Silicon Germanium/Silicon on 
an insulator (Si/SiCe/Si-on-insulator), which is thick 
enough for the spacer etch. 

[0016] A SiCe layer and a top Si layer are used as etch stoppers 
to obtain good control of the channel thickness, which is 



important for the control of Vt, mobility, and the Short 
Channel Effect (SCE) of UT-SOl devices. 
[0017] In accordance with this invention a method is provided for 
forming an RSD FET device with a recessed channel, a 
raised silicon S/D, and a gate electrode structure on an 
SOI structure as follows. Form a SiCe layer over the silicon 
layer and a RSD layer over the SiCe. Etch through the RSD 
layer and the SiGe to form a gate electrode space reaching 
down the silicon layer. Form a pair of RSD regions sepa- 
rated by the gate electrode space. Line the walls of the 
gate electrode space with an internal etch stop layer and 
an inner sidewall spacers. Form a gate electrode inside the 
inner sidewall spacers on the silicon layer. Form external 
sidewall spacers adjacent to the gate electrode between 
the RSD regions next to the inner sidewall spacers, and 
dope the RSD regions, whereby a recessed channel is 
formed in the SOI silicon layer between the raised source/ 
drain regions above the SiGe layer. Preferably, an etch 
stop layer is formed on the surface of the raised source 
drain layer before forming the gate electrode space. 
Preferably, the steps of forming the gate electrode space 
include the following steps. Form a dummy gate over the 
source/drain layer; form a conformal outside spacer layer 



over the dummy gate; form an exterior masking layer over 
the outside spacer layer, etching bacl< the exterior masl<- 
ing layer to expose the dummy gate, and remove the 
dummy gate to form the gate electrode space. Preferably, 
the exterior masking layer is composed of silicon dioxide 
that covers the outside spacer layer until after filling the 
gate electrode space with the gate electrode and pla- 
narization thereof. Preferably, the exterior masking layer 
is composed of silicon germanium (SiGe) which covers the 
outside spacer layer until after filling the gate electrode 
space with the gate electrode and planarization thereof 
and after recessing the outside spacer layer down to the 
etch stop layer. Preferably, the insulator forming the sub- 
strate comprises silicon oxide. Preferably, an etch stop 
layer is formed on the surface of the raised source drain 
layer before forming the gate electrode space, and the ex- 
terior masking layer is composed of silicon germanium 
(SiCe) which covers the outside spacer layer until after fill- 
ing the gate electrode space with the gate electrode and 
planarization thereof and after recessing the outside 
spacer layer down to the etch stop layer. Preferably, an 
etch stop layer is formed on the surface of the raised 
source drain layer before forming the gate electrode 



space; the exterior masking layer is composed of silicon 
germanium (SiGe) wliicli covers tlie outside spacer layer 
until after filling the gate electrode space with the gate 
electrode and planarization thereof. After recessing the 
outside spacer layer down to the etch stop layer, perform 
a raised source extension region and a raised drain exten- 
sion region implant and then form an exterior spacer 
aside from the gate electrode. 
[0018] In accordance with another aspect of this invention, a 
method is provided for forming an FET device with a 
raised silicon source/drain and a gate electrode structure 
on an SOI structure comprising an SOI silicon layer formed 
on a substrate wherein the substrate comprises an insula- 
tor, whereby a recessed channel is formed in the SOI sili- 
con layer between the raised source/drain regions above 
the SiGe layer as follows. Form a SiGe layer over the sili- 
con layer. Form a raised source/drain layer over the SiGe 
layer. Form an etch stop layer over the raised source/drain 
layer. Form a dummy gate over the source/drain layer. 
Form a conformal outside spacer layer over the dummy 
gate. Form an exterior masking layer over the outside 
spacer layer. Etch back the exterior masking layer to ex- 
pose the dummy gate. Remove the dummy gate to form 



the gate electrode space etching through the raised 
source/drain layer and the SiCe layer to form a gate elec- 
trode space with walls reaching down through the raised 
source/drain layer and the SiCe layer to the surface of the 
silicon layer thereby forming a pair of raised source/drain 
regions separated by the gate electrode space in the 
source/drain layer. Line the walls of the gate electrode 
space with an internal etch stop layer and an inner side- 
wall spacers. Form a gate electrode inside the inner side- 
wall spacers on a cleaned surface of the silicon layer. 
Form external sidewall spacers adjacent to the inner side- 
wall spacers. Dope the source/drain regions. 
[0019] Preferably, an exterior masking layer is formed composed 
of silicon dioxide which covers the outside spacer layer 
until after filling the gate electrode space with the gate 
electrode and performing planarization of the gate elec- 
trode. Then strip the exterior masking layer. Form the ex- 
terior masking layer of silicon germanium (SiGe) which 
covers the outside spacer layer until after filling the gate 
electrode space with the gate electrode and after pla- 
narization of the gate electrode; and then recess the out- 
side spacer layer down to the etch stop layer adjacent to 
the gate electrode. Preferably, the insulator forming the 



substrate comprises silicon oxide. 
[0020] Preferably, the exterior masking layer is composed of sili- 
con germanium (SIGe) which covers the outside spacer 
layer until after filling the gate electrode space with the 
gate electrode and planarization thereof and after recess- 
ing the outside spacer layer down to the etch stop layer. 
Then perform an extension implant to form a raised 
source extension region and a raised drain extension re- 
gion; and then form an exterior spacer aside from the 
gate electrode. 

[0021] The internal etch stopping film is stripped away after 

forming the recess and before performing the extension 
implant. Preferably, a halo implant is performed contem- 
poraneously with the extension implant. Preferably, the 
external sidewall spacers fill the recess. 

[0022] In accordance with another aspect of this invention, an 
FET device with a raised silicon source/drain and a gate 
electrode structure is formed on an SOI structure com- 
prising an SOI silicon layer formed on a substrate wherein 
the substrate comprises an insulator. A SIGe layer is 
formed over the silicon layer. A raised source/drain layer 
is formed over the SIGe layer. A gate electrode space with 
walls reaching down through the raised source/drain layer 



and the SiCe layer to the surface of the silicon layer forms 
a pair of raised source/drain regions separated by the 
gate electrode space in the source/drain layer. The walls 
of the gate electrode space are lined with an internal etch 
stop layer and inner sidewall spacers. A gate electrode is 
formed inside the inner sidewall spacers on a cleaned sur- 
face of the silicon layer. A gate electrode is formed within 
the space inside the inner sidewall spacers. External side- 
wall spacers are formed adjacent to the inner sidewall 
spacers. Doped the source/drain regions are formed in 
the raised source/drain layer. There is a recessed channel 
in the SOI silicon layer between the raised source/drain 

regions above the SiGe layer. 
Brief Description of Drawings 

[0023] The foregoing and other aspects and advantages of this 
invention are explained and described below with refer- 
ence to the accompanying drawings, in which: 

[0024] FIG. lA-lC show three embodiments of this invention 
comprising a raised source/drain FET devices formed on 
an SOI substrate with enhanced protection from damage 
due to spacer etching. 

[0025] FIGS. 2A-2P show the processing steps for forming an 

embodiment of an FET device, which is a modification of 



the FET device of FIG. lA. 
[0026] FIGS. 3A-3W show the processing steps for forming an 
embodiment of an FET device, which is a modification of 
the FET device of FIG. IC. 
Detailed Description 

[0027] Start with a relatively thick modified SOI structure com- 
prising Silicon/Silicon Germanium/Silicon on an insulator 
(Si/SiGe/Si-on-insulator), which is thick enough for the 
spacer etch. 

[0028] Use the SIGe layer 16 and the top Si layer 18 as etch stop- 
pers to obtain good control of the channel thickness, 
which is important for the control of Vt, mobility, and the 
Short Channel Effect (SCE) of UT-SOl devices. 

[0029] FIGS. lA-lC show three embodiments of this invention 
comprising a raised source/drain FET devices formed on 
an SOI substrate with enhanced protection from damage 
due to spacer etching. 

[0030] First Embodiment 

[0031] FIG. lA shows a raised source/drain device 10 which is a 
first embodiment of the present invention.. Device 10 is 
formed on an SOI (Silicon on Oxide) substrate composed 
of a thick Buried OXide (BOX) layer 12 over which a thin 



silicon layer 14 lias been formed. Tlie silicon layer 14 has 
been coated (by epitaxial growth of SiGe from SOI) with a 
thin silicon germanium (SiGe) film 16 and a set of Raised 
Source/Drain (RSD) regions 18 including a raised source 
RS and a raised drain RD (hereinafter referred to as RSD 
regions 18) have been formed over the SiGe film 16 by 
epitaxial growth of silicon 18 on the SiGe film 16 by epi- 
taxial growth of Si on the SiGe film 16. 
[0032] In the center of the device 10 an elevated trench (above 
the silicon layer 14 of the SOI substrate) has been formed 
down to the surface of the silicon layer 14. The trench has 
been lined with a thin dielectric layer comprising a gate 
dielectric layer GD (such as gate oxide) at the base 
thereof. The sidewalls of the trench have been lined with a 
thin internal etch stop film 28 preferably silicon oxide 
above the gate dielectric layer GD. Tapered silicon nitride 
inner sidewall spacers 30 have been formed on the side- 
walls of the thin silicon oxide layer 28 leaving a central 
opening in the trench opening down to the surface of the 
gate dielectric layer GD. The trench has been filled with a 
gate conductor 32 which will serve as the gate electrode 
of a MOS FET device which is isolated from the silicon 
layer 14 by the gate dielectric layer GD and which is pro- 



tected by the tapered dielectric inner sidewall spacers 30 
and tlie internal etch stopping film 28. Above the RSD re- 
gions 18 adjacent to the gate conductor, on the outside of 
the internal etch stopping film 28, a thin dielectric etch 
stop layer 20 has been formed. The thin dielectric etch 
stop layer 20 is composed of a material preferably se- 
lected from the group consisting of silicon oxide, silicon 
nitride and oxynitride. External sidewall spacers 36 are 
formed over the thin dielectric layer 20 outside of the in- 
ternal etch stopping film 28. The sidewall spacers 36 are 
composed of a material, preferably selected from the 
group consisting of silicon oxide, silicon nitride and 
oxynitride. 

[0033] jhe SiGe film 16 and the top Si layer 18 are provided as 

etch stoppers to obtain good control of the channel thick- 
ness, which is important for the control of Vt, mobility, 
and the Short Channel Effect (SCE) of a device such as the 
UT-SOl device 10 of FIG. lA. 

[0034] Second Embodiment 

[0035] FIG. IB shows a device 10" which is a second embodiment 
of the present invention, which is a modification of FIG. 
lA. Device 10" is formed on an SOI (Silicon on Oxide) sub- 
strate composed of a thick BOX layer 12 upon which a thin 



silicon layer 14 lias been formed. Tlie silicon layer 14 has 
been coated (preferably by epitaxial growth of SiGe from 
Si) with a thin SiCe film 16 and the RSD (RS7RD") regions 
18" have been formed over the SiGe film 16 (preferably by 
epitaxial growth of Si from SiGe). 
[0036] However in the case of FIG. IB, the RSD regions 18" are 
separated from the thin silicon oxide internal etch stop- 
ping film 28 by the external sidewall spacers 36" com- 
posed of a dielectric material preferably selected from the 
group consisting of silicon nitride, silicon oxide and 
oxynitride. The external sidewall spacers 36", which cover 
the RSD regions 18"D, reach down into contact with the 
top surface of the SiGe layer 16 between the internal etch 
stopping film 28 on the inside and the RSD regions 18 on 
the outside. 

[0037] In FIG. IB, as in FIG. lA, in the center of the device 10" an 
elevated trench (above the silicon layer 14 of the SOI sub- 
strate) has been formed down to the surface of the silicon 
layer 14. The trench has been lined with a thin dielectric 
layer comprising gate dielectric layer GD at the base 
thereof plus thin silicon oxide internal etch stopping film 
28 lining the sidewalls of the trench above the gate di- 
electric layer GD. Again tapered silicon nitride inner side- 



wall spacers 30 have been formed on the sidewalls of the 
thin silicon oxide layer 28 leaving a central opening in the 
trench opening down to the surface of the gate dielectric 
layer CD. The trench has been filled with a gate conductor 
32 which will serve as the gate electrode of the MOS FET 
device which is isolated from the silicon layer 14 by the 
gate dielectric layer CD and which is protected by the ta- 
pered dielectric inner sidewall spacers 30 and the internal 
etch stopping film 28. 

[0038] In FIG. IB, the structure of FIG. lA has been modified so 
that above the RSD regions 18 adjacent the gate conduc- 
tor, on the outside of the internal etch stopping film 28, 
the external sidewall spacers 36" are formed outside of 
the internal etch stopping film 28 reaching down below 
the raised silicon layer 18" to the top of the SiCe film 16. 
The external sidewall spacers 36" are composed of a ma- 
terial preferably selected from the group consisting of sil- 
icon oxide, silicon nitride and oxynitride. The thin dielec- 
tric etch stop layer 20 has been omitted from the final 
product in the embodiment in FIG. IB. 

[0039] As in FIG. lA, the SiGe film 16 and the top Si layer 18" are 
provided as etch stoppers to obtain good control of the 
channel thickness, which is important for the control of 



Vt, mobility, and tlie Sliort Cliannel Effect (SCE) of a device 
such as the UT-SOl device 10 of FIG. lA. 
[0040] Third Embodiment 

[0041] FIG. IC shows a device 10", that is a third embodiment of 
the present invention which is a modification of the device 
10" of FIG. IB. As in FIG. IB, the device 10" of FIG. IC is 
formed on an SOI (Silicon on Oxide) substrate composed 
of a thick BOX layer 12 upon which a thin silicon layer 14 
has been formed, and the silicon layer 14 has been coated 
with a thin SIGe film 16" and the set of RSD regions RS/RD 
have been formed over the SiGe film 16". 

[0042] But in FIG. IC the this case both the thin SiGe film 16" and 
the RSD regions RS"/RD" 18 are separated from the thin 
silicon oxide internal etch stopping film 28 by the exter- 
nal sidein FIG. IB, the structure of FIG. lA has been modi- 
fied so that above the RSD regions 18 adjacent the gate 
conductor, on the outside of the internal etch stopping 
film 28, the external sidewall spacers 36" are formed out- 
side of the internal etch stopping film 28 reaching down 
below the raised silicon layer 18" to the top of the SiGe 
film 16. The external sidewall spacers 36" are composed 
of a material preferably selected from the group consist- 
ing of silicon oxide, silicon nitride and oxynitride. The 



thin dielectric etcli stop layer 20 has been omitted from 
the final product in the embodiment in FIG. IB.wall spac- 
ers 36" composed of silicon nitride or silicon oxide layer, 
which cover the RSD regions RS'VRD" and reach down into 
contact with the top surface of the Si layer 14 (below the 
SiGe film 16") between the internal etch stopping film 28 
on the inside and the RSD regions RS"/RD" and the SiGe 
film 16" on the outside. 
[0043] As in FIGS. lA and IB, in the center of the device 10" an 
elevated opening (such as opening 22L in FIG. 2G) above 
the silicon layer 14 of the SOI substrate) has been formed 
down to the surface of the silicon layer 14. The trench has 
been lined with a thin dielectric layer comprising gate di- 
electric layer GD at the base thereof plus a thin silicon ox- 
ide internal etch stopping film 28 and inner sidewall 
spacer layer 30 (preferably composed of silicon nitride) 
lining the sidewalls of the trench above the gate dielectric 
layer GD providing a narrower opening (such as narrowed 
opening 22M in FIG. 2H). Again tapered silicon nitride in- 
ner sidewall spacers 30 have been formed on the side- 
walls of the thin internal etch stopping film 28 (e.g. silicon 
oxide) leaving a central opening (such as gate electrode 
opening 22N in FIG. 21) down to the surface of the gate 



dielectric layer CD. Tlie trencli lias been filled with a gate 
conductor 32 which will serve as the gate electrode of the 
MOS FET device which is isolated from the silicon layer 14 
by the gate dielectric layer CD and which is protected by 
the tapered dielectric inner sidewall spacers 30 and the 
internal etch stopping film 28. 

[0044] Above the RSD regions 18 adjacent to the gate conductor 
32, on the outside of the internal etch stopping film 28, 
the external sidewall spacers 36" are formed outside of 
the internal etch stopping film 28 reaching down below 
the silicon layer 14 and the SiGe film 16" to the top of the 
Si layer 14. The external sidewall spacers 36" are com- 
posed of a material preferably selected from the group 
consisting of silicon oxide, silicon nitride and oxynitride. 
Again, the thin etch stop dielectric layer 20 has been 
omitted from this embodiment. 

[0045] Again, the SiGe film 16" and the top Si layer 18" are pro- 
vided as etch stoppers to obtain good control of the 
channel thickness, which is important for the control of 
Vt, mobility, and the Short Channel Effect (SCE) of a device 
such as the UT-SOl device 10 of FIG. lA. 

[0046] Fourth Embodiment 

[0047] FIGS. 2A-2P show the processing steps for forming an 



embodiment of an FET device 50 wliicli is a modification 
of the FET device of FIG. lA. 

[0048] FIG. 2A shows an RSD FET device 50 in accordance with 
this invention in an early stage in the process of the for- 
mation thereof. At the start of the process, a substrate is 
required which is an SOI (Silicon on Oxide) wafer com- 
posed of a thick Buried OXide (BOX) layer 12 over which a 
thin monocrystalline silicon layer 14 has been formed. 

[0049] Step 1: Forming Monocrystalline SiGe Layer Covering SOI 
Surface. 

[0050] Initially, as shown in FIG. 2A a thin, blanket, monocrys- 
talline SiGe layer 16 has been formed over monocrys- 
talline silicon layer 14 of device 50. The SiGe layer 16 
comprises a monocrystalline layer formed by epitaxial 
growth of silicon germanium (SiCe) alloy (Si with about 10 
to 20% of Ge) over the silicon layer 14. 

[0051] Step 2: Formation of Raised Silicon Layer Over SiGe Layer. 

[0052] 2A also shows the device 50 after growth of a thicker, 
blanket, undoped, monocrystalline, raised silicon (Si) layer 
18 by epitaxial deposition on the surface of the thin SiGe 
layer 16. The raised Si layer 18 is deposited to be formed 
into the RSD regions 18 later in the process. The raised Si 
layer 18 is thicker than SiGe layer 16. 



[0053] Step 3: Formation of First Etcli Stop Layer Over Raised Sili- 
con Layer. 

[0054] FIG. 2B shows the device 50 of FIG. 2A after deposition of 
a blanket thin first etch stop layer 20 composed of a ma- 
terial preferably selected from the group consisting of sil- 
icon oxide, silicon nitride and oxynitride followed by de- 
position of a blanket dummy (sacrificial) gate layer 22 
composed of a thick blanket layer of a material such as 
polysilicon. 

[0055] Step 4: Formation of Dummy Gate Layer and Dummy Gate 
Mask. 

[0056] FIG. 2C shows the device 50 of FIG. 2B after depositing a 
dummy gate layer 22 and depositing a patterning mask 
(PM) material formed into a patterning mask 23 over the 
dummy gate layer 22. The PM patterning mask 23 will be 
used to pattern the dummy gate layer 22 into a sacrificial 
structure which can be etched away and filled with the 
gate electrode structure of an FET. The PM material is 
composed of a photoresist layer or any other masking 
material employed in formation of FET devices, as will be 
well understood by those skilled in the art. The PM mate- 
rial has been formed into a gate patterning mask 23 by 
conventional masking techniques, as will be well under- 



stood by those skilled in the art. 

[0057] In summary, in step 3 a first etch stop layer 20 has been 
deposited over the surface of the raised Si layer 18 to 
serve as an etch stop when the dummy gate layer 22 ap- 
plied in step 4 is being patterned by etching as shown by 
FIGS. 2C and 2D. To prepare for patterning a gate elec- 
trode opening 22L shown in FIG. 2H, the thick, blanket 
sacrificial, dummy gate layer 22 has been deposited over 
the first etch stop layer 20; and the patterning mask 23 
has been formed over the dummy gate layer 22. 

[0058] In an alternative embodiment (not shown), the extensions 
and source drain implants and silicide may be formed in 
the next step. In this case the use of a high k dielectric 
and metal gate may be used after removal of the dummy 
gate 22. 

[0059] Step 5: Patterning of Dummy Gate by Etching in Pattern of 
Mask. 

[0060] FIG. 2D shows the device 50 of FIG. 2C after forming the 
dummy gate 22D by etching away exposed portions of the 
dummy gate layer 22 aside from the gate patterning mask 
23 down to the first etch stop layer 20, using conventional 
etch stop detection techniques. The dummy gate 22D 
provides a form adapted for creating a hollow or trench 



referred to hereinafter as a gate electrode opening 22L 
seen in FIG. 2G. 
[0061] Step 6: Deposit Conformal Exterior Spacer Layer. 

[0062] FIG. 2E shows the device 50 of FIG. 2D after stripping the 
patterning mask 23 and then depositing a thin, conformal, 
outside spacer film 24 (composed of a material such as 
silicon nitride) covering both the dummy gate 22D and the 
first etch stop layer 20. 

[0063] Step 7: Deposit Blanket Exterior Masking Layer. 

[0064] Next as shown in FIG. 2E, blanket deposition is performed 
creating an exterior masking layer 26 (e.g. silicon dioxide) 
for protecting the conformal outside spacer film 24, cov- 
ering the dummy gate 22D and the outside spacer film 
24. 

[0065] Step 8: Planarize Exterior Masking Layer. 

[0066] FIG. 2F shows the device 50 of FIG. 2E after performing a 
GMP (Ghemical Mechanical Planarization) step etching 
away a portion of exterior masking layer 26 to expose the 
conformal outside spacer film 24, stopping the CMP pro- 
cess with a thin film of the outside spacer film 24 remain- 
ing, covering the dummy gate 22D. This step leaves the 
remaining portion of the dummy-gate exterior masking 



layer 26 (e.g. silicon dioxide) planarized and intact. 
[0067] Step 9: Etch Exterior Spacer Film to Expose Top of Dummy 
Gate. 

[0068] FIG. 2G shows the device 50 of FIG. 2F after performing a 
step of etching away enough of the outside spacer film 24 
to expose the top of the dummy gate 22D. 

[0069] Step 10: Remove Dummy Gate. 

[0070] FIG. 2H shows the device 50 of FIG. 2G after removal of 
the dummy gate 22 D (preferably by etching it away) to 
form a shallow portion of opening 22L. Then the opening 
22L is deepened by the following step of anisotropic etch- 
ing away the exposed portions of first etch stop layer 20, 
as well as RSD layer 18 and the SiGe film 16 down to the 
surface of the thin silicon film 14. The etching yields a 
high quality planar Si surface. This method can be also 
used to produce stress in the channel due to relaxation of 
stress in the strained SiGe film 16, and produce compres- 
sive stress in the channel of the device. Compressive 
stress can enhance PMOS FET performance. 

[0071] Step 11: Deposit Conformal Internal Etch Stop Film and 
Conformal Inner Spacer Film. 

[0072] FIG. 21 shows the device 50 of FIG. 2H after an internal 
etch stopping film 28B is deposited conformally which is 



preferably composed of thin silicon oxide (SiO^) to serve 
as an etch stopper for the internal spacer film 30. Next, as 
also shown by FIG. 21, an internal spacer film 30B 
(preferably composed of silicon nitride) is deposited con- 
formallyover the internal etch stop film 28B narrowing the 
opening 22L down leaving a narrower and shallower 
opening 22M. 

[0073] Step 12: Etch Back Inner Spacer/Internal Etch Stop Films. 

[0074] FIG. 2J shows the device 50 of FIG. 21 after anisotropic dry 
etching to form the inner sidewall spacers 30 and the in- 
ternal etch stop film 28 by etching of the internal spacer 
film 30B and the internal etch stop film 28B, exposing the 
surface of the silicon layer 14 at the bottom of the open- 
ing 22M and exposing the top of the exterior masking 
layer 26 aside from the opening 22M and forming an en- 
larged gate electrode opening 22N that has been formed 
in the process of formation of the inner sidewall spacers 
30 and re-exposing the silicon layer 14. 

[0075] Step 13: Cleaning Exposed Silicon; Forming Gate Dielectric 
Layer; and Vt Implant. 

[0076] FIG. 2K shows the device 50 of FIG. 2J after cleaning the 
exposed silicon 14, for the gate area followed by the next 
step of forming a gate dielectric layer GD (e.g. a gate ox- 



ide COX layer or deposit a high K material as the gate di- 
electric layer) at the base of the opening 22N. Then per- 
form a Vt implant (if needed) through the gate electrode 
opening 22N into the silicon layer 14 is performed, as in- 
dicated by the arrows in the drawing. A blanl<et Vt implant 
is employed, which reaches everywhere that the surfaces 
are exposed. 
[0077] Step 14: Deposition of Gate Electrode Layer. 

[0078] FIG. 2L shows the device 50 of FIG. 2K after deposition of 
a gate electrode layer 32 overfilling the gate electrode 
opening 22N covering the tops of sacrificial outside 
spacer film 24 and the exterior masking layer 26 followed 
by partial removal of gate electrode layer 32. The gate 
electrode layer 32 can be composed of polysilicon or a 
conventional metal gate material such as tungsten (W). 
The deposit of the gate electrode layer 32 is excessive and 
must be partially removed by a subtractive process such 
as CMP stopping on the top of the dummy-gate-exterior 
masking layer 26 (e.g. SiO^). Alternatively, gate electrode 
layer 32 can be etched back. 

[0079] Step 15: Stripping Away Exterior Masking Layer. 

[0080] FIG. 2M shows the device 50 of FIG. 2L after stripping 



away the Exterior Masking Layer 26 exposing the outside 
spacer film 24, wliicli in tlie case tliat layer 26 is silicon 
oxide comprises a conventional process. 
[0081] Step 16: Etching Exterior Spacer Film to Form Initial Exte- 
rior Spacers. 

[0082] FIG. 2N shows the device 50 of FIG. 2M after the outside 
spacer film 24 has been etched back using a conventional 
process such as reactive-ion plasma etching (RIE) or dry 
etching to form outside spacers 24 immediately adjacent 
to the gate electrode 32, the internal spacers 30 and the 
internal etch stop film 28. This leaves the top surface of 
dielectric etch stop layer 20 exposed aside from the out- 
side spacers 24. 

[0083] Step 17: Formation of Wide Exterior Spacers for Source/ 
Drain (S/D) Ion Implantation. 

[0084] FIG. 20 shows the device 50 of FIG. 2N after formation of 
wide source/drain exterior spacers 34 (preferably com- 
posed of silicon nitride) juxtaposed with outside spacer 
24 to separate the S/D ion implantation from the gate 
electrode 32. 

[0085] Step 18: S/D Ion Implantation. 

[0086] FIG. 2P shows the device 50 of FIG. 20 during S/D ion- 
implantation as indicated by the arrows. After the implan- 



tation a final annealing (preferably rapid thermal anneal- 
ing, spike annealing, or no-melt laser annealing) and 
metallization steps are performed as will be well under- 
stood by those skilled in the art to finish the MOSFET de- 
vice 50. The recessed channel is located below the gate 
32 is the SOI silicon 14 between the spacers 34. 
[0087] Fifth Embodiment 

[0088] FIGS. 3A-3T show processing steps for forming an RSD 
FET device 60 that is a modification of the device of FIG. 
IC. In this embodiment of the invention, formation of a 
structure by ion implantation is performed more easily. 
This method is similar to a process of formation of an RSD 
with a disposable spacer. In this process, a deposit is 
made of a thick exterior masking layer 126 composed of 
SiGe as shown in FIG. 3F in Step 7 instead of exterior 
masking layer 26 (silicon dioxide) in the fourth embodi- 
ment. The exterior masking layer 126 is about 30nm 
thick. FIG. 3A shows a device 60 in an early stage in the 
process of the formation thereof. 

[0089] As in the case of FIG. 2A, at the start of the process of the 
fifth embodiment, a substrate is required which is an SOI 
(Silicon on Oxide) wafer composed of a thick Buried OXide 
(BOX) layer 12 over which a thin monocrystalline silicon 



layer 14 has been formed. 
[0090] Step 1: Forming Monocrystalline SiGe Layer Covering SOI 
Surface. 

[0091] FIG. 3A shows the device 50 after the initial step of form- 
ing a thin, blanket, monocrystalline SiGe layer 16 over the 
monocrystalline silicon layer 14 of device 50. The SiGe 
layer 16 comprises a monocrystalline layer formed by epi- 
taxial growth of silicon germanium (SiGe) alloy (Si with 
about 10 to 20% of Ge) over the silicon layer 14. 

[0092] Step 2: Formation of Raised Silicon Layer Over SiGe Layer. 

[0093] FIG. 3A also shows the device 50 after the next step of 

formation of a blanket, mono-crystalline raised Si layer 18 
over SiGe layer 16. The Si layer 18 is formed by epitaxial 
growth of a monocrystalline layer 18 of silicon (Si) over 
thin SiGe layer 16. The silicon layer 18 is thicker than SiGe 
layer 16. 

[0094] In another alternative embodiment, the extensions and 
source drain implants and silicide may be formed in the 
next step. In this case the use of a high k dielectric and 
metal gate may be used. 

[0095] Step 3: Formation of First Etch Stop Layer Over Raised Sili- 
con Layer. 

[0096] FIG. 3B shows the device 60 of FIG. 3A after deposition of 



a blanket thin first etch stop layer 20 over the raised sili- 
con layer 18. The etch stop layer 20 is composed of a ma- 
terial preferably selected from the group consisting of sil- 
icon oxide, silicon nitride and oxynitride. 
[0097] Step 4: Formation of Dummy Gate Layer and Dummy Gate 
Mask. 

[0098] FIG. 3C shows the device 60 of FIG. 3B after deposition of 
a blanket dummy (sacrificial) gate layer 122 composed of 
a thick blanket layer of a material such as polysilicon. 
Next follows the beginning of a gate trench patterning 
function starting by depositing a masking material 123 
over the dummy gate layer 122. The masking material 
123 is composed of a photoresist layer or any other 
masking material employed in formation of FET devices, 
as will be well understood by those skilled in the art, has 
been deposited over the dummy gate layer 122 for pat- 
terning the dummy gate layer 122. The masking material 
123 has been formed into a gate patterning mask 123 by 
conventional masking techniques, as will be well under- 
stood by those skilled in the art. FIG. 3C also shows the 
device 60 after formation of a gate patterning mask 123 
formed of gate patterning material (PM) over the dummy 
gate layer 122. The PM material is composed of photore- 



sist layer or any other masking material employed in for- 
mation of FET devices, as will be well understood by those 
skilled in the art, has been deposited over the dummy 
gate layer 22 for patterning the dummy gate layer 122. 
The patterning mask 123 has been patterned into a gate 
patterning mask 123 by conventional masking techniques, 
as will be well understood by those skilled in the art. 
[0099] Step 5: Patterning of Dummy Gate by Etching in Pattern of 
Mask 

[0100] FIG. 3D shows the device 60 of FIG. 3C after forming the 
dummy gate 12 2D by etching away exposed portions of 
the dummy gate layer 122 aside from gate patterning 
mask 123 down to the first etch stop layer 20, using con- 
ventional etch stop detection techniques. 

[0101] The dummy gate 122D is patterned to provide a form 

adapted for creating a hollow or trench referred to here- 
inafter as a gate electrode opening 122N seen in FIG. 3G. 

[0102] Step 5; Deposit Conformal Sacrificial Outside Spacer Layer. 

[0103] FIG. 3E shows the device 60 of FIG. 3D after stripping the 
patterning mask 123 and then depositing a thin (~30nm 
thick), conformal, sacrificial outside spacer layer 124 
(composed of a material such as silicon nitride) over both 
dummy gate 122D and first etch stop layer 20. 



[0104] Step 7: Deposit Blanket Exterior l\/lasl<ing Layer. 

[0105] Next in FIG. 3F the device 60 of FIG. 3E is shown after a 
blanket deposition was performed creating an exterior 
masking layer 126 of a material such as SiGe which has a 
different composition from the internal etch stop film 28 
(See FIG. 31 and steps 10/11 below) for protecting the 
conformal, sacrificial, outside spacer layer 124, covering 
the dummy gate 122D and the sacrificial outside spacer 
layer 124. While exterior masking layer 126 is indicated to 
be SiGe, as in the fourth embodiment, it can be silicon ox- 
ide, but SiGe has the advantage that it can be etched se- 
lectively without damaging the silicon oxide of the inter- 
nal etch stop film 28 on the sidewall spacer structure seen 
in FIG. 3J-3L where the sidewall spacer structure would be 
exposed to several sequences of etching not employed in 
the same way in the fourth embodiment. This will be ex- 
plained in more detail below. 

[0106] Step 8: Planarize Exterior Masking Layer 

[0107] FiG_ 3G shows the device 60 of FIG. 3F after performing a 
CMP (Chemical Mechanical Planarization) step etching 
away a portion of exterior masking layer 126 to expose 
the sacrificial outside spacer layer 124 , stopping the CMP 



process after exposure of the top surface of the dummy 
gate 122D. This step leaves the remaining portion of the 
dummy-gate exterior masl<ing layer 126 (e.g. silicon 
dioxide) planarized and intact. During this process the 
etchant removes the silicon nitride of the sacrificial out- 
side spacer layer 124 on the top of poly-Si dummy gate 
and etches back SiGe (~30nm). 
[0108] Step 9: Remove Dummy Gate. 

[0109] FIG. 3H shows the device 60 of FIG. 3G after removal of 
the dummy gate 122 D (preferably by etching it away) to 
form a shallow opening 122L (as opening 22L in FIG. 2H, 
details of which are incorporated herein by reference). 
Then the opening 122L is deepened by the following step 
of anisotropic etching away the exposed portions of first 
etch stop layer 20, as well as RSD layer 18 and the SiGe 
film 16 down to the surface of the thin silicon film 14. The 
etching yields a high quality planar Si surface. This 
method can be also used to produce stress in the channel 
due to relaxation of stress in the strained SiGe film 16, 
and produce compressive stress in the channel of the de- 
vice. Compressive stress can enhance PMOS FET perfor- 
mance. 

[0110] Step 10: Form Internal Etch Stop Film and Outside spacer 



Film. 

[0111] FIG. 31 also shows the device 60 of FIG. 3H after an inter- 
nal etch stop film 28B was deposited conformally covering 
the walls of the opening 122L(as opening 22L in FIG. 2H) 
and covering the surface of the exterior masking layer 
126. The internal etch stop film 28B is preferably com- 
posed of thin silicon oxide (SiO^ to serve as an etch stop- 
per for the sacrificial outside spacer layer 124 . Next, as 
also shown by FIG. 31, an inner spacer film 30B (preferably 
composed of silicon nitride) was deposited conformally- 
over the internal etch stop film 28B narrowing the opening 
down leaving a narrower and shallower opening 122M. 

[0112] Step 11: Form Outside spacer/Internal Etch Stop Films 

[0113] FIG. 3J also shows the device 60 of FIG. 31 after formation 
of inner sidewall spacers 30 and internal etch stop film 28 
by anisotropic dry etching of the outside spacer film 30B 
and the internal etch stop film 28, exposing the surface of 
the silicon layer 14 at the bottom of the opening 122M in 
FIG. 31 and removing the layers 28B/30B from the surface 
of device 60 to re-expose the top of the exterior masking 
layer 126 aside from the opening 122M and forming an 
enlarged gate electrode opening 122N that has been 
formed in the process of formation of the inner sidewall 



spacers 30 and re-exposing the silicon layer 14. 

[0114] Step 12: Cleaning Exposed Silicon; Forming Gate Dielectric 
Layer; and Vt Implant. 

[0115] FIG. 3K shows the device 50 of FIG. 3J after cleaning the 
exposed silicon 14, for the gate area followed by the next 
step of forming a gate dielectric layer GD (e.g. a gate ox- 
ide layer or deposit a high K material as the gate dielectric 
layer) at the base of the opening 22N. Then perform a Vt 
implant (if needed) through the gate electrode opening 
22N into the silicon layer 14 is performed, as indicated by 
the arrows in the drawing. The Vt implant is a blanket im- 
plant which reaches everywhere that the surfaces are ex- 
posed. 

[0116] Step 13: Deposition of Gate Electrode Layer. 

[0117] FIG. 3L shows the device 60 of FIG. 3K after deposition of 
a gate electrode layer 32 overfilling the gate electrode 
opening 122N covering the tops of the sacrificial outside 
spacer layer 124 and the exterior masking layer 126 fol- 
lowed by partial removal of the gate electrode layer 32. 
The gate electrode layer 32 can be composed of polysili- 
con or a conventional metal gate material such as tung- 
sten (W). The deposit of the gate electrode layer 32 is ex- 
cessive and must be partially removed by a subtractive 



process such as CMP stopping on the top of the exterior 
masl<ing layer 126 (e.g. SiCe layer 126). Alternatively, the 
gate electrode layer 32 can be etched back. 
[0^^8] step 14: Form Recess of Sacrificial Exterior Spacer Layer 
Near Gate 

[0119] FIG. 3M shows the device 60 of FIG. 3L after recesses 130 
have been formed by selective RIE etching on either side 
of the gate electrode 32 and the inner sidewall spacers 30 
and internal etch stop film 28 down to the first etch stop 
layer 20. The recess 120 has been formed by anisotropi- 
cally etching back the sacrificial outside spacer layer 124 
between the internal etch stop film 28 and the exterior 
masking layer 126. The recess 130 has been formed by 
etching back the sacrificial outside spacer layer 124 using 
the exterior masking layer 126 as the mask with an 
etchant which is selective to remove the material of the 
sacrificial outside spacer layer 124 (which may be silicon 
nitride or the like) while not attacking the exterior mask- 
ing layer 126 (which may be SiGe or the like.) The etching 
process can be an anisotropic RIE process selective to re- 
moval of exposed silicon nitride of the sacrificial outside 
spacer layer 124, while not attacking the material (e.g. sil- 
icon oxide) of the internal etch stop film 28 and the exte- 



rior masking layer 126. 
[0120] Step 15: Strip Away Exterior l\/lasl<ing Layer. 

[0121] FIG. 3N shows the device 50 of FIG. 3M after stripping 
away the exterior masking layer 126, thereby exposing 
the sacrificial outside spacer layer 124. The method of re- 
moving the SiGe layer 126 is a non-hydrogen containing 
etch gas mixture. The etch may be a plasma etch and 
continues through the SiGe selective to Si. In this case the 
poly-Si gate will not be etched. (Here if one were to use 
silicon oxide as the sacrificial outside spacer layer 124, 
instead of SiGe in step 6 of the fifth embodiment, the 
etching of the silicon oxide of the sacrificial outside 
spacer layer 124 the top of silicon nitride exterior mask- 
ing layer 126, may attack the internal etch stop film 28 
(silicon oxide (SiO^)) on the silicon nitride inner spacer 
sidewall 30. 

[0122] Step 15; Remove Exposed Portions of Etch Stop Layer 

[0123] FIG. 30 shows the device 60 of FIG. 3N after a selective, 
anisotropic, RIE step using sacrificial outside spacer layer 
124 as a mask to remove the exposed portion of the etch 
stop layer 20 (preferably composed of SiO^) stopping on 
the then exposed surface of raised Si layer 18. 



[0124] Step 17: Extend Recess and Lower Height of Gate Elec- 
trode 

[0125] FIG. 30 also shows the device 60 after, a different selec- 
tive, anisotropic, RIE step is performed, also using the 
sacrificial outside spacer layer 124 as a mask, to remove 
the exposed portion of the raised silicon layer 18 stop- 
ping on the thin SiGe layer 16 and leaving a recess 140 
below where recess 130 had been in FIG. 3N. At the same 
time, the height of the gate 32 is lowered to an equal de- 
gree to the raised silicon layer 18 forming a shortened 
gate 32", leaving the inner spacers 30 and the internal 
etch stop film 28 extending thereabove. In addition, the 
regions RE of the SiGe layer 16 are exposed between the 
raised silicon structures 18 and the gate 32". 

[0126] Step 18: Strip Sacrificial Exterior Spacer Layer 

[0127] FIG. 30 also shows the device 60 after an RIE step is per- 
formed to etch the exposed portion of the strip the sacri- 
ficial outside spacer layer 124 (preferably composed of 
silicon nitride) leaving the surface of the etch stop layer 
20 exposed. 

[0128] Step 19: Strip First Etch Stop Layer 

[0129] FIG. 3P shows the device 50 of FIG. 30 with the gate elec- 



trode 155 shown, in an intermediate stage of completion, 
after stripping the remainder of the first etch stop layer 
20 (which had been protected by the sacrificial outside 
spacer layer 124) by an anisotropic RIE etching step. This 
leaves the surface of the raised silicon layer 18 exposed. If 
the first etch stop layer 20 is composed of silicon oxide 
(SiO^), an anisotropic RIE step is performed to strip the 
etch stop layer 20. This etching step may also etch away 
some of the exposed portions of the internal etch stop 
film 28, which is exposed by the formation of the recess 
129 in FIG. 3M, recess 130 in FIG. 3N and recess 140 in 
FIG. 30. 

[0130] Step 20: Lower Inner sidewall Spacers 

[0131] FIG. 3Q also shows the device 60 of FIG. 3P after perform- 
ing an etch to lower the inner sidewall spacers 30 to the 
level of the gate electrode 32", which was lowered in step 
17. 

[0132] The etch is preferably a wet etch if the inner sidewall 
spacers 30 are composed of silicon nitride. 

[0133] In the above etching steps, the internal etch stop film 28 
prevents etching into the inner sidewall spacer 30. 

[0134] Step 21: Strip Internal Etch Stop Film 



[0135] FIG. 3R shows the device 60 of FIG. 3Q after removal of 

the remainder of the internal etch stop film 28 leaving the 
sidewall spacers exposed adjacent to the gate electrode 
165. If the internal etch stop film 28 is composed of sili- 
con oxide (SiO^) the preferred method of stripping thereof 
is to perform a wet etch with a hydrogen fluoride bath. 

[0136] Step 22: Halo Ion-Implantation 

[0137] FIG. 3S shows the device 60 of FIG. 3R after angled halo 

ion-implantation under the edges of the gate electrode 32 
[0138] Step 23: Extension Ion-Implantation 

[0139] FIG. 3T shows the device 60 of FIG. 3S after extension 
ion-implantation with a vertical angle into the exposed 
surfaces of the device 60. 

[0140] Step 24: Form External Sidewall SpacerFIG. 3U shows the 
device 60 of FIG. 3T after formation of external sidewall 
spacers 36 on the outer sidewalls of inner sidewall spac- 
ers 30. The external sidewall spacers 36 are preferably 
composed of silicon nitride to control S/D diffusion. 

[0141] Step 25: S/D Implantation 

[0142] FIG. 3V shows the device 60 of FIG. 3U after a S/D ion im- 
plant of source/drain dopant into the raised Source/Drain 
(RSD) regions 18 on either side of the external sidewall 



spacers 36, as will be well understood by those skilled in 
the art. 
[0143] Step 26: S/D Anneal. 

[0144] FIG. 3W shows the device 60 of FIG. 3V after a conven- 
tional S/D anneal of the RSD regions 18FIG. 3W shows the 
device 60 of FIG. 3V after a conventional S/D anneal 
(preferably RTA, spike or non-melt laser anneal. After this 
step, one can follow conventional process to finish device 
(silicidation and making contacts, etc., as will be well un- 
derstood by those skilled in the art. The recessed channel 
is located below the gate 32" in FIG. 3W in the SOI silicon 
14 between the spacers 34. 

[0145] While this invention has been described in terms of the 
above specific embodiment(s), those skilled in the art will 
recognize that the invention can be practiced with modifi- 
cawithin the spirit and scope of the appended claims, i.e. 
that changes can be made in form and detail, without de- 
parting from the spirit and scope of the invention. Ac- 
cordingly all such changes come within the purview of the 
present invention and the invention encompasses the 
subject matter of the claims which follow. 



